Background: Limited literacy skills are common in the United States (US) and are related to lower HIV knowledge and worse health behaviors and outcomes. The extent of these associations is unknown in countries like Mozambique, where no rigorously validated literacy and numeracy measures exist.
Introduction
In 2009 there were an estimated 22.5 million individuals living with HIV infection in sub-Saharan Africa and 1.8 million new infections. [1] Only 37% of those living in sub-Saharan Africa who were eligible for treatment were receiving antiretroviral therapy as of 2009, [1] and only 54% of pregnant women with HIV infection and 20% of their infants received drugs to prevent mother-to-child transmission. While these data indicate marked progress since 2000, there is considerable variation in coverage from country to country. [2] Factors that may explain these disparities have not been well-described, and developing a better understanding of these contributing factors may help to generate new strategies to improve HIV care across resource-limited settings. [3, 4] Literacy skills include an individual's ability to read, write and comprehend written language (print literacy), speak and understand spoken language (oral literacy) and understand and use numbers in daily life (quantitative literacy or numeracy). [5, 6] Limited literacy, defined as an ability to complete only basic, concrete, and everyday literacy-related tasks, is common in developed nations such as the United States (US), affecting over 100 million people. [7, 8] There is a growing body of evidence suggesting that literacy is an important independent factor to explain disparities in many health-related behaviors and outcomes. [9] Among individuals with HIV infection who live in the US, poor literacy skills have been associated with worse HIV knowledge, [10] [11] [12] [13] lower adherence to antiretroviral treatment (ART), [14] [15] and lower likelihood of achieving undetectable viral loads, [10] [11] [12] [13] compared to those with adequate literacy, even after accounting for educational level. Individuals with limited literacy have more difficulty accessing and utilizing health care, communicating with providers, and performing self-care activities, potentially explaining the relationship between limited literacy and disparities in health knowledge, behaviors and outcomes. [16] The impact of limited literacy skills on health behaviors and outcomes may be amplified in settings where educational access and quality are variable and the prevalence of limited literacy is high, and may represent a novel target for interventions to improve care. However, to date these relationships have not been extensively studied in resource-limited settings, in part due to the lack of rigorously validated, standardized literacy measures. [17] [18] [19] [20] [21] There are currently no direct measures of general literacy and numeracy that have been validated and published in the literature for use in non-English speaking populations in sub-Saharan Africa. We sought to adapt a measure of general literacy and numeracy, the Wide-Range Achievement Test, version 3 (WRAT-3) [22] for use in a Portuguese speaking country, and validate the adapted measure for use in Zambézia Province, Mozambique in a representative cross-section of female head-of-households who took part in the 2010 Ogumaniha* -Strengthening Communities through Integrated Programming (SCIP) Project baseline survey. [23] We examined the psychometric properties of these adapted measures with the hypothesis that higher literacy and numeracy would be associated with younger age, more education, income, and other markers of socioeconomic status. In addition, we examined the prevalence of low literacy in this population and the relationship between literacy/numeracy and HIV knowledge, HIV testing, and prenatal care utilization.
Methods

Ethics Statement
The study protocol was reviewed and approved by the National Committee of Bioethics for Health in Mozambique and the Institutional Review Board of Vanderbilt University. Written informed consent was obtained for all study participants.
Study Population, Survey Design and Sampling Strategy
The Ogumaniha-SCIP Project baseline survey was designed to measure a range of socioeconomic and health issues pertaining to women, children and families living in Zambézia Province, Mozambique. A provincially representative sample of 264 enumeration areas was selected, with probability proportional to size according to the most recent census; this method intends for all households to have equal probability of selection. Using topographic and satellite maps, survey teams divided the enumeration areas into four quadrants. Starting in their assigned quadrant, an interviewer would systematically approach the first four households for interview. Interviewers conducted the survey with female head-of-households, defined as the principal wife of the immediate family of the household, from August 8 to September 25, 2010. The survey was translated into Portuguese and the five languages most commonly spoken in the province (Cisena, Elomwe, Echuabo, Cinyanja, and Emakhuwa); all language versions were piloted prior to the start of the survey.
Except for the literacy measure, all survey questions were orally administered in the respondent's language of choice; responses were entered using a cell phone application. The overall response rate was 99% of all households approached. Data from all respondents were eligible for analysis, however respondents with missing data for literacy or numeracy were excluded.
Study Measures
The WRAT-3 is a validated, English language measure of general literacy and numeracy; [22] Demographic data and Portuguese speaking ability were collected by participant self-report. Respondents who reported Portuguese as their native language or who responded ''yes'' to an item asking if they ''spoke Portuguese well'' were classified as Portuguese speakers. Distance from the center of the enumeration area to the nearest health center was calculated in kilometers using GPS coordinates. HIV knowledge was measured with five items adapted from Demographic Health Survey 5 that assess knowledge of HIV transmission, transmission prevention, and HIV treatment; [24] scores ranged from 0-9. Receipt of HIV testing and prenatal care were assessed by self-report.
Data Analysis
Summary statistics are reported for demographics, literacy score category, and numeracy as unweighted sample size, and weighted means or proportions. The weighted proportions of correct responses for each numeracy item are also reported. Estimates of descriptive statistics were weighted by the inverse of the household sampling probability. All data analyses were stratified by self-reported Portuguese speaking status; weighted summary data were compared for Portuguese speakers and non-Portuguese speakers by adjusted Wald test for mean values and Pearson chisquared test for proportions.
To evaluate the construct validity of the adapted literacy and numeracy measures, we examined the association of literacy and numeracy scores with selected characteristics. We hypothesized a priori that lower literacy or numeracy would be associated with higher age, less education and income, fewer reading materials in the home and household assets, non-motorized transportation, languages other than Portuguese spoken at home; these associations were tested by Spearman rank correlation, Wilcoxon rank sum and Kruskal-Wallis tests, as statistically appropriate. Effects of clustering were not considered in construct validation analyses. Internal consistency reliability was tested by Chronbach's alpha for the HIV knowledge items and Kuder-Richardson 20 for numeracy items.
Multivariable linear regression models accounting for the effects of clustering by enumeration area were used to examine the relationship of literacy or numeracy and HIV knowledge; logistic regression was used to examine the relationship between literacy or numeracy and receipt of antenatal care and HIV testing. A second set of multivariable regression models adjusted for important covariates identified a priori, including: respondent age, reported income, language of survey administration, and distance from health center (km). A third set added education into the adjusted model. All analyses were conducted using STATA TM statistical software package (STATAcorp, Release 11, College Station, TX).
Results
Sociodemographic Characteristics
We interviewed 3,636 female heads-of-households. Case-wise deletion of participants with missing responses excluded 33 missing literacy and 46 missing numeracy such that 3,557 respondents (98%) were included in analyses. Women had a mean age of 31.2 years; 37.9% reported that they spoke Portuguese well and were classified as Portuguese-speakers ( Table 1) . Even for women who reported Portuguese speaking ability, most spoke a language other than Portuguese at home (82.0%). Among all women, 44.6% had no formal education and only 11.8% had .5 years of education. No income was reported for 34.3% of women, and only 14.2% reported a monthly income of .1,000 Meticais ($34 USD). The mean distance to the nearest health facility was 7.7 km (range: 0.2-37.3 km). The mean HIV knowledge score was 3.3 (range: 0-9); alpha was 0.75 for these items. Respondents who reported the ability to speak Portuguese were younger, had more education and higher income, were more likely to have electricity in their home and lived closer to a health center than those who did not speak Portuguese.
General Literacy Findings
Over half (50.4%) of Portuguese speakers and nearly all (93.7%) non-Portuguese speakers scored in the lowest category of literacy, corresponding to either no reading ability or the ability to read individual letters only. A perfect score of 57 was demonstrated by 26.4% of Portuguese speakers and 2.6% of non-Portuguese speakers ( Table 2) Among the Portuguese speaking respondents, those who reported more income, used motorized transportation, owned a house with a metal or cement roof, owned a cell phone, had bank accounts or electricity, and spoke Portuguese at home had higher median literacy scores than those with fewer assets or who spoke another language primarily at home. For non-Portuguese speakers, there was a statistically significant association between higher median literacy and having a home with electricity, having higher income, and using motorized transportation; however literacy scores for non-Portuguese speakers as a whole were low for the non-Portuguese speaking group ( Table 3) .
For both Portuguese and non-Portuguese speakers, literacy was independently associated with HIV knowledge after adjusting for respondent age, stated income, distance to the nearest health center, and the language of the survey in models with and without an adjustment for education; for non-Portuguese speakers this association was observed only for those with the highest literacy scores ( Table 4) . We did not detect significant associations between literacy and self-reported HIV testing or prenatal care attendance.
General Numeracy Findings
The Kuder-Richardson coefficient for numeracy items was 0.84 for Portuguese speakers and 0.87 for non-Portuguese speakers. Mean numeracy scores were higher for Portuguese speakers (12.6) than for non-Portuguese speakers (9.1); performance for each item of the numeracy scale is summarized in Table 2 . Fewer respondents correctly answered items of greater vs. lesser complexity for a given task; for instance, while 91.0% of Portuguese speaking respondents and 72.5% of non-Portuguese speakers correctly answered an item that tests subtraction of three minus one, only 74.4% of Portuguese speakers and 54.8% of nonPortuguese speakers correctly answered an item that tested subtraction of nine minus three.
For both Portuguese and non-Portuguese speaking respondents, higher numeracy scores were correlated with younger age (PS: r = 20.13, p,0001; NPS: r = 20.22, p,0.001), more education (PS: r = 0.58, p,0001; NPS: r = 0.41, p,0.001), more reading materials in the home (PS: r = 0.21, p,0001; NPS: r = 0.25, p,0.001) more HIV knowledge (PS: r = 0.29, p,0001; NPS: r = 0.28, p,0.001) and with higher literacy scores (PS: r = 0.66, p,0001; NPS: r = 0.40, p,0.001). Portuguese and non-Portuguese speaking respondents who reported more income, used motorized transportation, owned a house with a metal or cement roof, owned a cell phone and spoke Portuguese at home had higher median numeracy scores compared to their counterparts. For Portuguese speaking respondents, individuals who reported having bank accounts or electricity in their home had higher median numeracy scores than those who lacked them; there was no such association among non-Portuguese speaking respondents ( Table 5) .
In multivariable linear regression, numeracy was significantly associated with HIV knowledge independent of respondent age, income, distance from the hospital and the language of survey administration; this association remained significant with education included in the model ( Table 4) . We did not detect significant associations between numeracy and self-reported HIV testing or prenatal care attendance. 
Discussion
In this provincially representative sample of 3,557 women, the adapted WRAT-3 was reliable and valid for measuring general literacy and numeracy. Poor literacy and numeracy were common for women living in Zambézia Province, and similarly many women had difficulty with items that assessed basic numerical concepts and computational skills. For both Portuguese speakers and non-speakers, poorer literacy and numeracy skills were associated with less HIV knowledge but not lower self-reported utilization of HIV testing or prenatal care. To our knowledge, this is the first study in the literature that reports directly measured literacy and numeracy skill in a representative population in rural sub-Saharan Africa. Our use of representative data to estimate the literacy and numeracy skills for all female heads-of-household in the province is a major strength of this study.
The prevalence of illiteracy in our study is substantial, and higher than the recent estimate of the Mozambican national literacy rate of 54%. [25] We assessed literacy in a group of women living in predominantly rural settings who had a low level of formal education, likely explaining these differences. This study builds on other work done in sub-Saharan Africa to estimate literacy by utilizing a direct test of individual literacy and numeracy skill, rather than estimating literacy indirectly by selfreport, [17] national census data, [18] or directly by use of nonstandardized measures of reading comprehension. [19, 21] One study adapted a validated English language test of health literacy, the Rapid Estimation of Adult Literacy in Medicine (REALM) to measure health literacy in 125 bilingual South Africans, but concluded that its use was unsuitable because poor comprehension of many of the included health terms. [20] Based on our data from Zambézia, the development of language and context appropriate health literacy or functional literacy measurement tools should be a topic for further work in low and middle income settings. The deficits in numeracy for many women in this study are stark, and may have serious implications for behaviors necessary for utilization of health care for themselves and their children. To our knowledge, previous to this study there was no measure published in the literature estimating numeracy by direct measurement in persons living in sub-Saharan Africa. Work in the US looking at literacy and medication administration have shown that individuals with low literacy have difficulty appropriately dosing liquid medications for their children [26] [27] [28] and with managing their own medications. [10, 29] These challenges, if generalizable to HIV-affected women in Zambézia for example, may be even more important given the potential harm from too much or too little antiretroviral medication given during prevention of mother-to-child transmission care, self-care, and assistance to family members, notably treatment to children. The positive associations of literacy and numeracy with HIV knowledge are similar to evidence from US studies among individuals living with HIV infection. [10] [11] [12] [13] While the literacy skills measured in this study may or may not be directly required for interaction with the health system, there is evidence that individuals with low literacy have difficulty communicating with health-care providers. [30] This may be a particular problem in health care settings such as those in Zambézia, where often the language of the provider (often Portuguese) differs from the local languages in which patients have fluency and use as their primary language at home. [3, 4, 31] The lack of association between literacy and health seeking behavior may reflect that among the multitude of barriers facing women in accessing care in rural Zambézia, literacy skills are less important to access care per se.
The use of self-reported outcomes may also limit the ability to examine these associations, as individuals with poor literacy may be more likely to be unaware of past HIV testing.
In addition to the limitation of our use of a general literacy scale in this study (vs. a functional scale), there are potential methodological limitations with using a word list for measuring literacy in the Portuguese language. The WRAT-3 reading list uses pronunciation of words as a proxy measurement for reading comprehension; while rapid to administer and valid, this approach may overestimate literacy. [32] This effect has been shown to be more pronounced when using these types of literacy measures in languages such as Spanish, where there is a direct relationship between the appearance and pronunciation of a given word. [32] [33] [34] One study that attempted to adapt a word-reading literacy test into Spanish was successful only in generating dichotomous groups of high or low literacy. [34] Other limitations to this study include the cross-sectional design of the study and the use of self-reported data, making some of our findings potentially subject to confounding and recall bias. The use of a non-validated HIV knowledge scale and the fact that ten-percent of participants did not respond to the HIV-knowledge items introduces the possibility for misclassification bias. The study included data from women living in one province in rural Mozambique only, and so results may not be applicable to the male population, persons living in other Provinces, or to individuals living in more urban settings.
Our study introduces valid instruments to measure general numeracy and literacy that could be adapted for other settings and languages, and also demonstrates clearly some of the skill disparities facing women within one rural province in Mozambique. These data suggest that literacy and numeracy may be important independent factors in the acquisition of HIV knowledge, and have implications for public health efforts in rural settings such as Zambézia where literacy and numeracy skills are limited. The level of literacy and numeracy skill should be taken into consideration when developing HIV educational messages in resource-limited settings such as Zambézia. While efforts to improve primary school education access and quality for women is clearly a high national priority, interventions designed to improve the quality of provider health communication or improve the applied literacy and numeracy skills of patients during HIV care and treatment programs may be simple, inexpensive and have a more immediate impact. [35, 36] A better understanding of how literacy and numeracy skills are related to health behaviors, skills and knowledge would inform efforts to overcome health disparities and may generate new strategies to improve health care quality in settings where low literacy is common.
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